Weightlifting is associated with a significant risk of shoulder injury. We used the National Electronic Injury Surveillance System (NEISS) database to identify patients presenting to U.S. emergency departments between 2000 and 2017 with weightlifting-associated shoulder injuries to determine how the health burden and demographic characteristics of these patients have changed over time. Our analyses demonstrated a significant increase in the national estimate of weightlifting-associated shoulder injuries between 2000 (N = 8.073; C.I. 6.309-9.836) and 2017 (N = 14.612; C.I. 12.293-16.930) (p < 0.001), with linear regression (R 2 = 0.87, P < 0.001) projecting 22.691 national cases by 2030. Patients were most often males (83.3 %; C.I. 81.5-85.2 %) between 20-29 years of age (30.5 %; C.I. 28.2 %-32.8 %) sustaining a sprain, strain, or muscle tear (65.1 %; C.I. 60.4-69.8 %). Additionally, the average age of injury (34.33 years; C.I. 33.43-35.23 years) in the 2012-2017
Introduction
In recent years, it has become increasingly evident that weightlifting can yield numerous health benefits [1] . In addition to its role in reducing stress, weightlifting has been associated with health-promoting effects such as decreased blood pressure, improved glucose control, maintenance of bone mineral density, and resistance to adipose accumulation [2] . Impressively, weightlifting has also been shown to benefit both older adults and adolescents, two groups for which there was once reluctance in advising participation in resistance training. In older adults, resistance training has been specifically shown to help manage osteoarthritis; in adolescents, improvements in motor skills and more healthful body compositions have similarly been reported [3, 4] . In part, this has led to a significant increase in its national popularity, with about 45 % of the population having reported that they participated in weightlifting in 2011 [5] .
Nevertheless, weightlifting carries with it a significant risk of injury that should not be overlooked [6] . In general, injuries can be categorized as musculoskeletal, neurologic, or cardiovascular; they are often associated with poor technique, fatigue, or an overzealous program of training [7] . Injuries most commonly occur in younger adult males secondary to losing control of free weights during exercise [6, 8] . Often times, the result is a sprain or strain, though more serious injuries -including fractures and dislocations -are regularly observed [6] .
The most frequently injured anatomical region associated with weightlifting is the shoulder [9] . This is due in part to its impressive range of motion, which makes it more susceptible to instability [10] . In addition, high-intensity weightlifting forces the normally nonweight bearing glenohumeral joint to endure a significant load, which can result in stress fractures, rotator cuff or labral injury, early cartilage wear, or muscle strain [11] . However, the epidemiology of shoulder injuries associated with weightlifting in the United States, and how trends have evolved over time with shifting exercise habits and training methodologies, is poorly characterized.
The purpose of this study is to estimate the national burden and demographic characteristics of patients presenting to emergency departments in the United States between 2000 and 2017 with shoulder injuries related to weightlifting. We then used this data to predict the estimated national burden of weightlifting-associated shoulder injuries between 2017 and 2030. We hypothesized that the total incidence of weightlifting injuries of the shoulder has increased significantly over time as the popularity of weightlifting has continued to rise.
Materials and Methods

Data sources
This study used the publicly available, deidentified Consumer Product Safety Commission's (CPSC) National Electronic Injury Surveillance System (NEISS) to perform a retrospective, cross-sectional descriptive epidemiological study identifying cases of shoulder injuries associated with weightlifting (Product Code: 3265; "Weight Lifting (Activity, Apparel, or Equipment"). The CPSC webpage provides publicly available data collection methodologies and general information pertaining to this nationally representative probability sample of hospital emergency departments, which is further stratified by both hospital size and geographic location [12] [13] [14] . In this database, data from about 100 designated hospital emergency departments is entered daily; this sample serves as a probability sample of all U.S. hospitals with emergency departments from which weighted national estimates may be derived.
Variables included in the NEISS database include: the date of treatment; the case record number; the age, gender, race and ethnicity of the patient; the injury diagnosis; the body part affected by the injury; disposition (treated and released, admitted, etc.); the product involved (if any) in the injury; the location where the injury occurred; whether fire or motor vehicles were involved in the injury; whether the injury was work-related; whether the injury was intentionally inflicted; a narrative of the incident and scenario leading to the injury.
In this study, each yearly sample in the NEISS database was queried between 2000 and 2017 for all injuries treated in the emergency department. A total of 6 678 317 unique sample cases were identified, amounting to a weighted national estimate of 245 885 512 cases during this period. Of these, we specifically identified all injuries of the shoulder associated with weightlifting; 5 609 unique cases were observed in the database during this time, yielding a total weighted estimate of 217 201 national cases presenting to U.S. emergency departments.
National estimates, standard errors, and 95 % confidence intervals were derived using the svyset function in Stata/IC 15.1, analyzing data in one-year intervals [15] Significance of trends in the total national survey estimates were determined using adjusted Wald tests. P values < 0.05 (two-sided) were considered significant.
Sources of funding
This study received no external funding support, and was exempt from IRB review given the use of publicly available, deidentified data from a government website. We also confirm that we have read and understood the International Journal of Sports Medicine ethical standards document, and that our study meets the ethical standards of the journal [16] .
Results
▶ table 1 demonstrates a significant increase in the national estimate of shoulder injuries associated with weightlifting presenting to United States emergency departments between 2000 (N = 8 073; C.I. 6 309-9 836) and 2017 (N = 14 612; C.I. 12 293-16 930) (p < 0.001). ▶ table 2 further demonstrates that this increase occurred at a faster rate than a parallel but less substantial rise in the total number of injuries due to any cause presenting to U.S. emergency departments. Specifically, the percentage of these total visits that were due to a weightlifting-associated shoulder injury rose Year Linear Regression: R 2 = 0.87 P < 0.001 National Weighted Estimate of Cases Lastly, ▶Fig. 3 demonstrates the average ages of those sustaining shoulder injuries due to weightlifting and presenting to U.S. emergency departments across time, as well as weighted national estimates of these injuries during each period stratified by the following 3 age groups: ≤ 18 years of age, 19-64 years of age, and ≥ 65 years of age. In the 2000-2005 period, the average age of injury was 30.93 years (C.I. 29.85-32.01 years), which was significantly (p < 0.001) different from the average age of injury by the 2012-2017 period (34.33 years; C.I. 33.43-35.23 years). The bar graph further shows that these increases in average age across time for those with weightlifting-associated shoulder injuries is being driven largely by a significantly increasing injury burden in middle-aged patients (19-64 years of age) across periods (p < 0.001), and more recent increase (p < 0.01) in said injuries by older patients ( ≥ 65 years of age) between the 2006-2011 and 2012-2017 periods.
Discussion
Our findings are in accordance with our initial hypothesis that the national number of shoulder injuries associated with weightlifting presenting to United States emergency departments has increased significantly over time. In fact, annual estimates nearly doubled in recent history, rising from over 8,000 injuries per year in 2000 to about 15 000 in 2017. At this rate, the incidence of shoulder injury secondary to weightlifting is projected to rise by almost 10 000 injuries per year by 2030. Moreover, the data was consistent with ▶table 3 Overall demographics of patients presenting to U.S. emergency departments with shoulder injuries associated with weightlifting, 2000-2017. [6] Our study obtained comparable demographic results, though since our study was specific to shoulder injuries, reflected more sprains and strains (65.1 %). Importantly, we are the first to show that the average ages of patients presenting to U.S. emergency departments with weightlifting-associated shoulder injuries has steadily risen over time.
Demographic variable
There are several explanations as to the observed increasing trend in both weightlifting-associated shoulder injuries and ages of injured patients. For example, there may be a greater pool of individuals participating in weightlifting today than in the past. Recent trends in global exercise habits have demonstrated that more and more people are regularly incorporating strength training into their workouts, concordant with emerging evidence that it can yield health benefits for people of all ages [2, 4, 17] . As middle-aged and Stripes; ≥ 65 years of age -Filled Black), grouping periods by six-year intervals for sufficient statistical power. Positive and negative error bars capture the 95% confidence interval for the derived weighted estimate, with standard error (SE) labels above said bars. The data table beneath shows the national weighted estimate of the number of patients presenting to a U.S. emergency department with a weightlifting-associated shoulder injury stratified by these same age groups, and corresponding to the values in the graph above, for a given period. Then, the average ages during each year period (and 95% confidence intervals for the average age) of patients presenting to U.S. emergency departments with shoulder injuries associated with weightlifting are provided immediately above the columns for a given time period in text boxes. older adults continue to participate in resistance training and increase the pool of at-risk individuals, they may also be raising the average age of injury higher over time, as was observed in the data. This is also possibly explained by many increasingly looking towards resistance training as a way to cope with rising levels of stress in society [18, 19] . Given that many of these stressors have been identified as occurring in the workplace, this may select for older weightlifting participants aiming to improve their sense of wellbeing [20, 21] . There may also have been changes in care-seeking behavior by injured individuals over time, prompting more patients to present to U.S. emergency departments with non-urgent injuries resultant from training [22] .
In contrast, other contemporary workout programs may carry a higher risk of injury. In particular, the newfound popularity of CrossFit, which has often been criticized for its extremes of exercise methodology and dieting regimens, is frequently implicated in putting individuals at risk for shoulder injuries due to its emphasis on high-intensity overhead movements and proclivity for recruiting untrained participants [23] [24] [25] [26] [27] [28] . Group fitness classes have also grown in popularity among older individuals, and may incorporate resistance training [17] . With less individual supervision and instruction by trainers, participants may be at increased risk for injury since fewer opportunities are afforded for correcting improper form [29, 30] . This serves as another plausible explanation as to why the average age of weightlifting-associated shoulder injuries continues to rise, though the cause for this phenomenon are likely multifactorial.
Prevention strategies must be implemented to reduce the rate of weightlifting-associated shoulder injuries and the resultant national health burden. In most cases, injuries can be largely prevented by using proper exercise form, employing safe practices when using heavy weights, and training a variety of muscle groups to maintain overall soft tissue balance [31] . When injury does occur, a multitude of treatment options can be considered based on the severity of the soft tissue or bone damage. Mild injuries are often managed with conservative treatment, such as allowing time for rest and recovery, using anti-inflammatory medications, and modifying workouts to reduce further injury; if conservative treatment proves ineffective, surgical options including arthroscopy can reduce pain and greatly restore function to the shoulder [11, 31] .
This study has several limitations related to the nature of the NEISS database. First, the data only reflects injuries that presented to United States emergency departments. Therefore, individuals who sustained injuries but presented first in an urgent care clinic or an alternative outpatient setting were not captured in our study. Thus, we consider our results to reflect conservative estimates of weightlifting-associated shoulder injury, capturing only those severe enough that patients required emergency medical attention to manage their pain or dysfunction. Second, the NEISS database does not provide any cost data, making it impossible to accurately ascertain the national economic burden caused by weightliftingassociated shoulder injuries. Given the variety of injuries and demographic characteristics observed in our study, using cost multipliers would most likely have resulted in an erroneous final cost estimate. In addition, the NEISS database does not provide information on the type of exercise that resulted in the injury. These details may be sparsely provided in the narrative section, but their in-consistent inclusion makes it a poor choice for identifying exercise characteristics associated with specific injuries. This would have allowed for a much more clinically relevant analysis. Finally, longer term sequelae of weightlifting, especially rotator cuff tear and premature glenohumeral arthritis, were not included in the estimation of injury prevalence, although the financial burden these conditions incur is inordinate [32] .
Weightlifting has established itself as a staple of health and wellness in recent years. The benefits of resistance training extend from adolescents to older adults, and manifest not only as enhanced physical strength but also improved mental health. Nonetheless, participation in weightlifting carries with it an inherent risk, especially to the shoulder, meriting furthered awareness of this subject given an increasing annual financial and emotional burden. Attention directed towards injury prevention strategies may yield substantial health and cost savings at the national level.
